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Abstract 
Environmental conditions (temperature, moisture, intensity of sun, etc.) influence variation in asphalt pavement strength during 
the year. Lithuania is situated in a zone of cool average climate characterized by average warm summers and average cold 
winters. One of the most important climatic factors is the air temperature variation per day. In order to evaluate the dependence 
of road pavement strength on temperature and the dependence of Eo modulus of separate layers on seasonal factors 
a comprehensive research was carried out on the unique Test Road section that was constructed in 2007 in Lithuania and is 
operated almost for 8 years. This road is affected by real climatic conditions and high intensity heavy vehicle traffic. It consists of 
27 different flexible pavement structures with the same class of pavement structure but the different type and composition of 
materials and all necessary electronic sensors (loop profilers, temperature and moisture sensors, stress and strain transducers). 
Temperature and moisture sensors are installed in 4 different pavement structures. In order to analyse behaviour of asphalt 
pavement structure under Lithuanian climatic conditions, taking into account temperature and moisture, as one of the most 
important climatic factors influencing structural strength of road asphalt pavement, the experimental research was carried out and 
results are presented in the article. 
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1. Introduction 
Lithuania belongs to a number of countries where design, construction and repair of roads are highly influenced 
by climatic conditions (air temperature, precipitation, wind direction and strength, thickness of a snow cover, etc.). 
Influence of climatic conditions on road pavement structure is called hydrothermal regime. Climatic factors form 
regular seasonal moisture and temperature variations in pavement structure and subgrade. Variations of positive and 
negative temperatures (freezing and thawing cycles) cause pavement defects and worsen subgrade condition. With 
the changing ambient temperature the structure condition properties of pavement materials are changed. Due to the 
freezing and thawing cycles the fatigue of road pavement materials increases, pavement becomes breakable, cracked 
are formed. 
Not less important is the case when at a high air temperature plus 25௅30 °C under the effect of traffic loads the 
wearing course of asphalt pavement becomes deformed, ruts and corrugations occur. The main disadvantage of 
asphalt pavements is a strong dependence of asphalt properties on temperature. With the increasing temperature the 
bitumen viscosity is decreasing and this causes the decrease in pavement strength. With the decreasing temperature 
an opposite process takes place – the bitumen viscosity is increasing and because of this the asphalt strength is also 
increasing.  
The most distinguished asphalt pavement deformations are corrugations, heaves and ruts. A considerable increase 
in asphalt pavement deformations is found in a hot period of the year under increasing traffic loads and the lowest 
pavement stability (Braga 2005). Analysis of data, collected in the Road Weather Information System, shows that in 
winter, the air temperature being about ௅30°C, temperature of road pavement surface falls to minus 22 °C. In 
summer, at a temperature of plus 25–30 °C, road pavement surface heats up to plus 40–45 °C (ýygas et al. 2004). 
In Lithuania, the most critical period of the year is spring when subgrades and road pavement structures thaw and 
structural layers are mostly saturated with water. The largest negative effect of water is made on subgrade where the 
strength of subgrade soils is directly dependent on their moisture. The strength of subgrade makes a large effect on 
pavement structural strength. Moisture, having got into pavement layers, increases moisture of pavement materials, 
also fills up the air voids between the frame of mineral materials. Water, having crystallized into ice during freezing, 
speeds up the occurrence of defects in pavement layers. 
2. Climatic factors and their effect on road pavement strength in Lithuania 
Roads are continuously and intensively influenced by climatic factors – high temperature in summer, low – in 
winter, thawing – in spring, abundant precipitation – in autumn. Lithuania is situated in a zone of cool average 
climate characterized by average warm summers and average cold winters. For the whole year the territory of 
Lithuania is strongly affected by the Atlantic Ocean and the Baltic Sea. In winter, Atlantic cyclones are very 
common bringing snow or wet snow, warmer weather, and determining a thicker snow cover. The climate of 
Lithuania is mostly determined by its geographical latitude, solar radiation, atmospheric circulation and interaction 
of these factors with the terrene. The warmest month in Lithuania is July, on the coast – it is August. Almost in the 
whole Lithuania, except coast, the coldest month is January. On the coast – February. Average temperature of the 
warmest month (July) varies from plus 16 °C on the coast to plus 18 °C in the southern Lithuania, of the coldest 
month (January) – from minus 3 °C on the coast to minus 6,5 °C in the Eastern Lithuania. However, sometimes 
Lithuania experiences very hot summers when the temperature rises up to plus 30 °C, and very cold winters when 
the temperature drops to minus 20 °C in a daytime, and to minus 30 °C at night (Jukneviþiǌtơ-Žilinskienơ 2009). 
Distribution of the average monthly air temperature in the certain cities and distribution of the average annual air 
temperature in Lithuania in 1961–1990 are given in Fig. 1 and Fig. 2. 
One of the most important climatic factors is the air temperature variation per day. The lowest air temperature is 
recorded at sunrise, the highest – between 14–16 h. When the sun comes up the temperature quickly rises but having 
remained 2–3 hours to the maximum temperatures the rising slows down. Having achieved the highest point the 
temperature for 2–3 hours falls slowly and then – quickly. At night, with the approaching minimum temperatures, 
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the fall slows down again. The average amplitude of daily temperature variation on the coast is 1,5 times lower than 
that in the Eastern Lithuania. The difference is caused by the fact that on the coast minimum temperatures are 
higher, and maximum temperatures are lower. The largest temperature variations are detected in South-Eastern 
Lithuania. 
In the territory of Lithuania the largest amount of precipitation falls in summer (up to 50% of the annual amount 
of precipitation) due to sudden storms, squalls, thunderstorms and rain. In autumn and winter the amount of 
precipitation is less. Distribution of precipitation is mostly influenced by the relief, position of slopes in respect of 
prevailing air flows, and the distance from the sea. 
 
Fig. 1. Distribution of the average monthly air temperature in the certain cities of Lithuania, 1961–1990 (Jukneviþiǌtơ-Žilinskienơ 2009). 
 
Fig. 2. Distribution of the average annual air temperature in Lithuania, 1961–1990 (Jukneviþiǌtơ-Žilinskienơ 2009). 
In an annual cycle of the road service life four periods are distinguished. In autumn the road pavement and its 
structure cools down, moisture increases, soil density decreases. Depending on the intensity of watering sources and 
also traffic conditions, in this period pavement settlement can occur. Winter period starts with the freezing road 
pavement and its structure. Water film, covering soil particles, crystallizes into ice, therefore, moisture and 
temperature of the upper structural pavement layers is lower than that of the lower layers. This forces moisture 
migration from the lower structural layers into the upper structural layers. Moisture of the road structure is gradually 
increasing up to the maximum values at the end of the cold period of the year. Here, the minimum seasonal soil 
781 Laura Žiliūtė et al. /  Transportation Research Procedia  14 ( 2016 )  778 – 786 
density and the maximum resistance of frozen soil can be noticed. The third spring period starts with the thawing of 
road structure. In this period the intensive re-distribution of moisture takes place in an active zone. Moisture reaches 
the maximum value, density and resistance – the minimum value of unfrozen soil. In this period, probability for the 
settlement of road structure and pavement is increased. In the fourth summer period, when thawing of ice has 
already finished, the road structure is slowly drying out: moisture decreases, density and resistance of soil increases.  
3. Test road 
The Pagiriai location (about 20 km from Vilnius, the capital of Lithuania) was selected for construction of a test 
road section. This location fulfilled all the conditions required for the experiment: it has sufficiently heavy traffic 
volume, it is open terrain, has no horizontal plane curves or vertical curves in the longitudinal section and could be 
distinguished by the same irrigation conditions within the whole route of the road section. The Test Road section 
was laid on the road to the quarry where one traffic lane is used for loaded traffic and the other for unloaded traffic.  
The parameters of a cross section of Test Road section, according to (STR 2.06.03:2001) correspond to category 
III (2 traffic lanes, pavement width – 7 m, roadside width – 1 m) and class III pavement structure (ESAL’s100 of 
100 kN = (0.8–3.0) million). The Test Road is 710 m long and consists of twenty-three 30 m sections and one 20 m 
section. Three sections are additionally divided into 15 m sections. The pavement structures of various types were 
constructed at these sections. The Test Road was constructed on the way to a gravel quarry where the empty heavy 
vehicles go in and come back loaded. In this case, one traffic lane of the experimental road is much more loaded 
than the other (Žiliǌtơ et al., 2013; ýygas et al. 2008). 
Every year these measurements are made at the Test Road: 
x Traffic flow 
x Temperature and moisture in different layers of pavement structure 
x Rutting, roughness, transverse, and longitudinal gradients 
x Visual assessment of pavement distress 
x Pavement equivalent modulus with Falling Weight Deflectometer (FWD) 
x Pavement deflection with Benkelman Beam of skid resistance in asphalt wearing layer with pendulum device 
3.1.  Type and composition of asphalt mixes 
Various materials were used while constructing each layer of the Test Road sections (Fig. 3, 1–27). The frost 
blanket layer was built from sand 0/4 and 0/11 (where the size of openings of the top sieve of aggregate were 4 and 
11, respectively), the base layer – from crushed dolomite and granite (0/56, 0/32), a mix of 50% crushed granite and 
50% sand and gravel, a crushed gravel mix, a gravel and sand mix, and reclaimed asphalt (RAP). The asphalt base 
layer was built from AC11PS crushed dolomite, gravel, 100% crushed gravel, 50% crushed dolomite and 50% 
crushed gravel; the asphalt binder layer included AC16AS, AC16AS PMB crushed granite 11/16 + crushed 
dolomite 5/8 (crushed dolomite and crushed granite 8/11, 50% and 50% respectively), crushed granite 8/11 and 
11/16 + crushed gravel (rest of aggregates), crushed dolomite 8/11 and 11/16 + crushed gravel (rest of aggregates), 
50% crushed granite + 50% sand, 100% crushed granite, 100% crushed gravel. The asphalt wearing layer included 
AC11VS, SMA11S, SMA11S PMB, and Confalt in order to use a wide variety of local materials, where AC is 
asphalt mixes, SMA is stone mastic asphalt, PMB is polymer modified bitumen, VS, AS, and PS are the asphalt 
wearing layer (V), asphalt binder layer (A), and asphalt base layer (P) affected by heavy load (S). Three 30 m long 
segments are made of the same pavement structure with the different type of geosynthetic materials installed in 
asphalt layers and sub-base (Vaitkus et al., 2010) 
The thickness and materials for every test section were chosen according to reference pavement structure (Fig. 3, 
19), which was made from 4 cm asphalt wearing layer AC11VS, 4 cm asphalt binder layer AC16AS, 10 cm asphalt 
base layer AC32PS, 20 cm base layer – crushed dolomite 0/56, and 47 cm frost blanket layer – sand 0/11 
(Laurinaviþius et al., 2009). 
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Fig. 3. Pavement structures in the Test Road. 
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4. Research results and analysis 
4.1. Traffic flow 
During the year the traffic volume changes as well (ýygas et al., 2011). The increases in the traffic volume and 
loads lead to pavement deteriorations and consequently failure (Khedra et al., 2011). 
Over 8 years 3.8 million cars rode the Test Road including 670,000 heavy vehicles (>3.5 t, about 600,000 
ESAL’s). The highest traffic intensity in April-October on this road depends on construction work in and around 
Vilnius that needs materials from the quarries. 
Annual average daily traffic (AADT) was decreasing since 2008 to 2011, in 2011 it became stabilized and till the 
end of 2013 it exceeded 6.7%, comparing results with 2008 data, in 2014 AADT was practically the same as in 
2008, but about 7.0% less than in 2013 (Figure 4). During 2013 AADT of heavy vehicles exceeded 17.7% compared 
to 2008, but in 2014 it was about 45.0% less than in 2013. Heavy vehicles accounted 24.9% of traffic intensity in 
2008, 17.8% in 2009, 17.0% in 2010, 14.0% in 2011, 12.0% in 2012, 27.5% in 2013, and 16.5% in 2014. 
All heavy vehicles were rated according to ESAL’s100 = 100 kN. ESAL’s100 distribution at the Test Road 
operation time is presented in Fig. 5. The Test Road is used by 75,000 ESAL’s100 annually; the total amount of 
ESAL’s100 from the beginning of road use through the end of August 2015 was 600,000 ESAL’s100. 
 
Fig. 4. Average daily vehicle traffic. 
 
Fig. 5. Distribution of ESAL’s100 of the Test Road. 
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4.1. Temperature distribution in asphalt structure 
Daily values of average temperatures and moisture in different layers of four Test Road structures (4; 12; 18; 24, 
Table 1) are monitored. Monitoring of test section 18 was started from autumn of 2012, in sections 4, 12 and 24 
from July 2013. 
Table 1. The installation levels of temperature and moisture sensors in Test Road sections. 
Pavement structure Depth of temperature sensor, cm Depth of moisture sensor, cm 
4 - - - - - - 100 130 150 100 130 150 
12 - - - - - - 100 130 150 100 130 150 
18 surface 4 8 18 38 85 100 130 150 85 110 - 
24 - - - - - - 100 130 150 100 130 150 
 
The highest temperature of asphalt pavement surface in section 18 reached plus 50.93 °C (in July of 2013), plus 
50.03 °C (in July of 2014), plus 50.60 °C (in July of 2015), and the lowest were minus 15.79 °C (in January of 
2013) minus18.88 °C (in January of 2014) and minus 18.27 °C (in January of 2015) in Fig. 6 and Fig. 7. The 
temperature range of asphalt pavement surface in 2013 was 66.72 °C, 68.91 °C in 2014 and 66,68 °C in 2015.  
Temperature transitions from positive to negative and vice versa in asphalt pavement surface in 2012–2015 (from 
October to April) were registered 120 to 130 times, and in 4 cm depth from 88 to 94 times. Daily temperature 
transitions through the 0 point were 1 to 5 times. According to data from Lithuanian Hydrometeorological Service, 
there were up to 100 days with negative air temperature and up to 60 days with Tmax> 25 °C. Meanwhile, the 
asphalt pavement surface temperature sensor in test road registered up to 95 days of negative temperature and up to 
120 days when Tmax> 25 °C.  
Analysing the average moisture in the subgrade (at 85 cm and 110 cm depths from pavement surface) from 1th of 
September 2012 to 31st of August 2015, the highest average moisture was found on September 2013 at 110 cm 
depth from pavement surface (8.43%); the lowest average moisture – on January 2014 at 85 cm depth from 
pavement surface (1.5%). Variation of moisture depends on frost depth. The lowest moisture is found when the 
temperature in subgrade (at a 110 cm depth from pavement surface) reaches the lowest point. Distribution of 
average moisture and temperature in the subgrade are presented in Fig. 8. 
 
Fig. 6. Daily values of the highest temperatures in structure No. 18. 
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Fig. 7. Daily values of the lowest temperatures in structure No. 18. 
 
Fig. 8. Daily values of average moisture in structure No. 18. 
4.2. Results of bearing capacity 
The bearing capacity of different experimental pavement structures measured by Falling Weight Deflectometer 
(FWD) has increased year by year (from 2007 to 2012). The increase in difference between Eo modulus of different 
test sections is seen after 2009 in Fig. 9. The Eo modulus differed very little from 2010 to 2012. The values 
measured with FWD dependent on time vary from 570 MPa to 1130 MPa.  
The highest values of bearing capacity are obtained in Test Road sections where the thicker (30 cm) base layer of 
crushed dolomite was used, also where the base layer was constructed with reclaimed asphalt 10 cm plus crushed 
dolomite 10 cm. The section with semi rigid surface layer also showed high result. The lowest bearing capacity 
values were obtained in Test Road sections with crushed granite and sand mix asphalt binder layer, and also in the 
section with geosynthetics at the bottom of asphalt binder layers. 
Hydrothermal regime was studied and statistical analysis was performed using data of the four sections (4th, 
12th, 18th and 24th pavement structures) in eight different periods (from the August of 2013 to the April of 2015). It 
was noticed that data changed in time (raised and dropped down) avoiding seasonality. 
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Fig. 9. Distribution of pavement structure Eo modulus measured with FWD. 
5. Conclusions 
As traffic loads the most effects right wheel trajectory, it can be recommended to extend the crushed dolomite 
base layer up to curb slope during construction or reconstruction of the 3rd and higher structure class pavement 
roads, in order to increase stability and bearing capacity of road edge and surface layers adjacent to the curb area. 
The use of fine-grained sand 0/4 for the frost blanket layer (4th pavement structure) does not affect the bearing 
capacity and hydrothermal regime, comparing to pavement structures where the frost blanket layer is from sand 0/11 
(12, 18, 24 pavement structures). 
The total traffic loading has a significant impact on the pavement equivalent modulus of elasticity E0. 
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